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A Simple Precision System for Measuring 
CWand Pulsed Frequencies Up to 12,400 MC 



WHEN it is necessary to measure high 
frequencies to better than wavemeter 
accuracy, it is usual practice to custom-build 
a system which frequently becomes bulky, 
expensive, and inconvenient to use. This 
problem has now been significantly simpli- 
fied by a new transfer oscillator which per- 
mits such measurements to be made with the 
'hp- high-speed frequency counters*. Meas- 
urements can be made with this transfer os- 
cillator- frequenc)^ counter combination from 
cps to at least 12,400 megacjxles at an ac- 
curacy approaching 1 part per million. Not 
only does the system permit measurement of 
c-w frequencies, but it will also enable the 
carrier frequency of pulsed or frequency- 
modulated waves to be measured. The sys- 
tem is simple and sufficiently rapid that it is 
suited to production-line use. 

How the system measures high frequen- 
cies can be described by reference to Fig, 2. 
The transfer oscillator generates a stable 
signal^ adjustable in frequency from 100 to 
220 mc^ which is continuously monitored to 




Fig. 1. N^w *hp' Model 540 A Transfer OsciUaior (right) 

opiates with -bp- y24B High Speed Cormier and S25B 

Con verier to form precision measuring system capable of 

operation from cps to 12400 megacycles^ 



1 part per million accuracy by the frequency 
counter. Harmonics of the transfer oscillator 
are then compared in a mixer with the fre- 
quency to be measured, using the oscillo- 
scope contained in the transfer oscillator to 
observe the diflFerence frequency. By suitably 
adjusting the transfer oscillator frequency, a 
zero beat can be obtained between a transfer 
oscillator harmonic and any unknown fre- 
quency from 100 to 12,400 megacycles.f 
When the zero beat is obtained, the un- 
known is determined merely by multiplying 
the reading on the frequency counter by the 
proper harmonic number. If the proper num- 
ber is unknOTvn, it can be found by the simple 
system described later. 

C-w frequencies below the convenient 
lower f requenc}' operating range of the trans- 
fer oscillator can be measured by connecting 
them to the frequency' counter where the 
answer will be presented directly on the 
counter's display system. By this means fre- 
quencies down to D cps can be measured. 

c-w MEASUREMENTS 

If an ideally stable c-w^ signal ^^ere being 
measured, the operator would adjust the fre- 
quency' of the transfer oscillator while ob- 
serving the difference frequencv' as plotted 
by the self-contained oscilloscope's 60-cps 
sweep. The first presentation usually recog- 
nized will be similar to Fig. 3(a) where a 
low (but significant) difference frequency' is 
displayed. As the operator continued tuning 
(Fig. 3{b))^ the pattern would collapse to a 

•Ahn S. Bagley, Deicter Hartkt, and V^C'm, D Myeri. "FreqLiencrj.' 
and Time MKLmreracnts with the Ntw 'hp- High Speed Counter," 
Hcrwlm PjckjrJ Journj!. Vol. 5. No. 7-8. Mar, -April. 195 i. 

t Frequencies from 10 to 100 meeacycles can also be measured b> using 
3 harmonic of the measured frequency' and the fund^menul of the 
oscmaiior. 
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Fig. 2. Baiic arc nit arriitigement of jretfUtiHcy io/itjti'r-tmmcfer 

oscillijior m emu ring system. tMain compotn^nis of iranxfer oscil- 

htor are shoitn uiihhi ifasit^-ii line. 

straighc horizoncal sweep line when 
a true zero beat were obtained (Fig- 
3(t)) on a stable signaL 

In practice, however, few high- 
frequency signals are sufficiently sta- 
ble that a simple zero beat can be 
obtained. Instead, the signal to be 
measured usually has enough short- 
time instability^ chat beat frequency 
patterns like those in Figs. 4(a) and 
(b) are somewhat more typical, at 
least at kilomegacycle frequencies. 
These patterns are those of frequen- 
cies passing through zero beat as dis- 
played by the internal oscilloscope's 
60-cycle sweep. Notice that the zero 
beat point is where the cycles in the 
patterns become expanded borizon- 
Eally and reverse their slope before 
reaching full amplitude. Notice fur- 
ther that, not only can the zero point 
be determined, but by adjusting the 
frequenc)' of the transfer oscillator, 
the zero beat can be positioned at the 
two edges of the pattern (Figs. 5(a) 
and (b)) or at any other desired 
point. This means that the limits be- 
tween which the signal is varying, 
whether due to instability or to fre- 
quency modulation, can be meas- 
ured. For example^ an 11,000 mega* 
cycle c-w signal with 150 kc devia- 
tton caused by power supply ripple 
can be measured in such a way that 
the 150 kc of deviation can be deter- 
jnined. Information of this char- 



acter at high fre- 
quencies is diffi- 
cult to obtain 
with other sys- 
tems,* The abil- 
ity to make devi- 
ation measure- 
ments and the 
fact that an os- 
cilloscopic dis- 
play presents 
considerable In- 
formation about 
the nature of the 
signal being 
m ea s u red a re 
two of the rea- 
sons for incorp<i- 
rating an oscil- 
loscope in the 
transfer oscillator instead of using a 
simple aural detector. The choice of 
a line frequency sweep is also of con- 
siderable value, because much of the 
deviation in typical signals is re- 
lated to the line frequency, 

ACCURACY OF C-W MEASUREMENTS 

The error involved in measuring 
a c-w frequenc)^ can be divided into 
two pans. First is the error of the 
frequency counter in measuring the 
frequency of the transfer oscillator. 
Second is the error involved in com- 
paring the transfer oscillator fre- 
quency with the frequency to be 
measured. 

If the counter is being operated 
from its internal standard, it will 
measure the frequency of the trans- 
fer oscillator to within ±1 part per 
million. The counter is also ar- 
ranged, however^ to operate from an 
external standard. If it is so oper- 
ated, it will measure the transfer 
oscillator frequenC)^ to the accuracy 
of that standard up to the limit of 
the error of comparison. 

The second error, the error of com* 
parison, is typically in the order of 
±2 parts in 10^ but involves several 
factors. One factor is the short-time 
stability^ of the transfer oscillator 
(about =tl part in 10"). Another fac* 

'"The vf^rsacjlity and acruraQ' of devjatrdn meas- 
uremenLi Ciin be inaeased by iddiag to the ly^- 
l*fTti A n*w p-1 ■PfT ri J n i f fri*ou#Tin' mM^r vL'^ifh ■a.^fH 

be dcu'dbcd In ^n early issue.' 




Fi|f. 3^ Typical seiiuence of patterns ob' 
tallied on transfer oscillator s scope as dif- 
ference frequency is reduced to zero on a 
stable signal. Sote that internal scope uses 
a 60*cycle sweep. 

tor is the setability of the oscillator 
(about —1 part in 10") which also 
involves to some extent the skill of 
the operator. These factors are per- 
haps best summed up in the histo- 
gram of Fig. 7. This histogram 
shows the distribution of the error 
of comparison of 250 measurements 
made by five operators. Precautions 
were taken in the set-up to eliminate 
all but the error of comparison* The 
rms value of this distribution is well 
within ±1 part in 10^, 

All of these errors assume that the 
signal being measured is signifi- 
cantly more stable than the error of 
comparison. If the signal has an in- 
stabilit}' of the same magnitude or 







Fig. 4. Typiial scope patterns obtained 
uhen signal beiuM rtieasnred has inci- 
dental frequency modulatiun. 
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fh) 
Fig* 5. Typicai s(ope patf&rns ohtained 
when zero heat is adjusted to occur ai 
limit of excursi&u of signal being meas- 
ured. 

greacer than the error of comparison, 
the accuracy of the comparison will 
of course be reduced accord ingly* 

To sum up the error of the coun- 
ter with the error of comparison, the 
data in Fig. 7» although they involve 
only the error of comparison, can 
also be considered to represent the 
present limit of the system using an 
appropriately stable signal and an 
appropriately accurate external fre- 
quency standard. If the internal 
Standard is used» measurements can 
be made on an appropriately stable 
signal to within approximately 1 
part in 10^ including the error of 
comparison. Obviously, the system 
is suited to most of the precise pres- 
ent-day frequency n^easuremen ts, 

IDENTIFYING THE aEATING 
HARMONIC 

When the zero beat is obtained, 
the unknown frequency will be 
equal to the frequency" of the trans- 
fer oscillator multiplied by the order 
number of the harmonic causing the 
beat. The proper harmonic number 
will usually be known at once, be- 
cause the approximate value of a fre^ 
quenc>' to be measured is usually 
know^n. Even if the approximate val- 
ue is completely unknown, however, 
it can stil! be obtained quickly by 
making two short measurements. If 
a frequency of 10,000 megac>'cles 
were being measured, for example, a 
measurement could be made by tun- 
ing the transfer oscillator to 200 
megacycles where the zero beat 
would be caused by the 50th har- 



monic of 200 megacycles. The fun* 
da mental frequencj^ 200 mc, will be 
known because it is indicated direct- 
ly by the counter. By now setting the 
oscillator to the next lower frequen- 
cy that causes a zero beat (196.07S 
mc), we know that the zero beat is 
caused by the next higher harmonic. 

That is, 

(Harmonic no.l >* 200 rac ^= 
Qj, (Harmonic no. +1) X 196*078 mc 

Harmonic no. = 50. 
The measurement can and should 
be cross*checked by tuning the os- 
cillator to the next higher frequency 
(204.082 mc) that causes a zero beat. 
This beat will be caused by the next 
lower harmonic (49th), By this sim- 
ple system the harmonic causing the 
zero beat can be uniquely identified*, 

PtfLSe MEASUREMENTS 

Another attractive feature of the 
transfer oscillator- frequency counter 
system h that it can be used to meas- 
ure to high accuracies the carrier 
frequenc)' of r-f pulses.f To make 
pulse measurements^ an external os- 
cilloscope suitable for viewing video 
pulses and with a linear sweep 
should be used in place of the simple 
internal oscilloscope which cuts off 
at about 200 kc. An output from the 
difference frequency amplifier is 
provided for presentation on the 
vertical sj'stem of an external oscil- 

•for frequencies lying in tar neij- the f undameot.iI 
rajnge of [he cransfer asd Itaiorp a rinatkm of this 
[tcEnique may tin; required, 

^AUn Baglcy Atid Dr^tief Hiirtke, "Meuiurempni 
of the Carrier Frcqucticv of RF Pulsts,*' prcscnicd 
4i[ -hh. Conference oo J-tigh Freqii«if>' Measure^ 
menu. Wash.. D.C., Jan. 19, I5»55 and ai -^ih 
Regjnnal Conference, Phoenix, Am., Apr. 27. 1955, 
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Fig, 7. Diatrihulion of error of compari- 
son in 2%0 measurements made by five 
Qp^aion. 



Fii^. (t, Yypicdl scope paiterm ohiain^d 
when fa) signal has wide excursions and 
(h) u f?en excursions are so wide ihat dis- 
play ii limited hy system bandwidth, 

loscope. The high frequency cutoff 

of the difference frequency ampli- 
fier is a little above 2 mc. An output 
can also be obtained directly from 
the mixer for use with a suitable ex- 
ternal amplifier. 

When the oscillator is tuned for 
a zero beat with a pulsed r-f wave 
applied to the system, the first pre- 
sentation usually recognized on the 
oscilloscope will be similar to that 
in Fig. 8(a). This h a plot of the dif- 
ference frequency as modulated by 
the r-f pulse envelope. About five 
cycles of difference frequenc>' are 
occurring for each r-f pulse width* If 
the pulse width is 10 microseconds, 
the difference frequency will be 
about 500 kc. As the oscillator is 
more closely tuned to zero beat, the 
number of difference-frequency 
cycles per pulse will decrease and 
finally become less than one cycle. 
When the beat frequency is much 
less than one cycle, a pattern like 
that in Fig. 8(b) will be obtained. 
Each of the horizontal lines is now 
a segment of a sine wave, and the 
lowest beat frequency is obtained 
when the pattern becomes a family 
of traces all having the same shape, 
as in Fig. 8(b)* In Fig. 8(b) the beat 
frequency is about one one-hun- 
dreth of a cycle per pulse width. 

The magnitude of frequency 
shifts that may occur during a pulse 
can also be measured by using a var- 
iation of this technique. 

ALTERNATE PULSE PRESENTATION 

While the above-described method 
is a basic method for measuring 
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Fig, H. I'ypifral scope patterns ohtained in 
puheil r-f meijst/rement as (a> zefo he4ji is 
firs I approached a fid fh^ whi-'it heal f re- 
ef tt envy has heeu made very smalL 

pulsed carriers, another slight varia- 
tion will usually permit the measure* 
ment to be made faster. This modi- 
fied technique gives about the same 
accuracy of measurement on a stable 
pulsed carrier but is easier tu use. 

The modification consists of in- 
creasing the low-frequency cutoff of 
the difference- frequency amplifier 
in the instrument. If the low-fre- 
quency^ cutoff is made sufficiently 
high, the pulsed difference fre- 
quency will be differentiated by the 
time constant of the amplifier. The 
presentation obrained on the oscil- 
loscope will then be as indicated m 
Figs, 9(a) through (c). When the 
difference frequt-mty is relatively 
large, a notch will be seen in the os- 
cilloscope pattern as in Fig. 9(a). As 
the difference frequency is reduced, 
the pattern will begin to converge 
as m Fig. 9(b). When the difference 
frequency is reduced to its lowest 
value, the presentation will appear 
as in Fig. 9(c). This presentation is 
the same as that in Fig. 8(b) except 
that it is differentiated. 

To facilitate these sawtooth pre- 
sentations, a panel control is pro- 
vided for adjusting the low'*fre- 
quency cutoff of the difference-fre- 
quency amplifier. This cutoff, nor- 
mally below" 100 cps for c-w" meas- 
urements, can be switched with the 
control to be 10 kc and is then con- 
tinuously adjustable to above 400 
kc. When a suitable cutoff is used, 
almost complete convergence of the 



presentation as in Fig. 9(c) can be 
obtained for pulses as short as 1 
microsecond. Although use of too 
low or too high a cutoff %vill reduce 
the accuracy of the measurement, 
this selection is not critical since in 
a practical case no absolute optimum 
exists. It has been found that an am- 
plifier time-constant of about one- 
fourth the pulse width is satisfac* 
tory. Such a time constant was used 
in Fig* 9(c). The fact that the trail- 
ing edge of the pulse is also differ- 
entiated by the amplifier makes it 
easy to select the proper value of 
time constants, Jf the carrier fre- 
quency is unusually unstable during 
the pulse, the degree of convergence 
sh4)%vn in Fig, 9(c) will not be ob- 
tained. With typical amounts of in- 
stability, however, the convergence 
will still be highly defined. 

The fact that the amplifier titne- 
constant is adjustable also permits 
the equipment to he used to measure 
carriers modulated with non-rectan- 
gular pulses such as gaussian pulses. 

ACCURACY OF PUL5I 
MEASUREMINTS 

The accuracy with w*hich a pulsed 
carrier can be compared with a 
tranfer oscillator harm<jnic is in the 
order of one one-hundrtfdth of a 
cycle per pidse width. Pulse width 
enters into the accuracy of measure- 
ment at a given r-f frequency he- 
cause the accuracy with which either 
a bc'at frequenc)' or convergence of 
a sawtooth can be discerned be* 
comes less as the pulse 
width becomes shorter. 




Fig. 9. Typical secfiteuce of scope pat- 
terns obtained with sawtooth presenta- 
tion as zero heai is approached (a) and 
(c) wheti heat frequeficy has heen re^ 
dated to low value. 

when frequencies above 5 kmc are to 
be measured, it is desirable to use an 
*bp* Model 440 A Detector Mount 
either as an external tuned mixer or 
as a local oscillator harmonic gener- 
ator. The detector mount contains a 
l]Sr2lB silicon crystal w^th a tuning 
stub. The difference frequenc)^ am- 
plifier and the internal oscillator in 
the instrument are provided with ex- 



OPERATION ABOVE 
5 KMC 

The mixer in the 
transfer oscillator is 
a broadband design 
which operates from 
low frequencies to 
more than 5 ki Iomega- 
cycles, As higher and 
higher frequencies are 
measured, however, 
the efficiency of the 
mixer falls offWith an 
accomLpanying loss in 
sensitivity. As a result. 
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Fig. 1 0, Schematic arrangement of tu o ~hp- Model 440 A 

Dtrii'i.iUf Mounh */> h^td io ini^r^a^e am^ithity of mtm- 

uremettti in range above ^ kmc^ 
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ternal ter miaals to accomnnt«Jare use 

of an external mixer or external 
harmonic generator. 

Although on ly one detector nnount 
is needed for meLisiirements in the 
5,000 to 12,'tOO mc range, better 
sensitivity' and lowtr nujsc^ will be 
obtained if the hiirmonic generating 
process is isolated from the mixing 
process. This iwjlation is obtained 
by using a second 4-10 A detector for 
harmonic generation alone. Both the 
crystal used for hjirmonic generation 
and that used for mixing thus be- 
come limed. As a reside, the currents 
through the mixing crystal are to 
some extent limited ro those of the 
imkno^^n And of the proper har- 
monic. An increase in output and 
discrimination against unrelated fre- 
quencies are therefore tibtuined, A 
schematic diagram of the irrrangt* 
ment using two detecte>r motmts is 
shown in Fig. 10. 

SINSITIVITY 

The minimum signal level with 
which measurements can he made 
varies with frequency and %vtih the 
method of measurement. A guide to 
representative minimum usable sig- 
nal levels for c-w. pulse or f-m 
measuretnents is shown in Fig. IL 
The data for these curves were ob- 
tained by averaging six measure- 
ments using the lowest possible har- 
monic of the transfer oscillator (i.e., 
highest possible oscillator fre- 
quency). The plotted values further 
represent the signal level necessary 
to obtain an output at the difference- 
frequency amplifier output terminal 
which is 6 db above the noise level. 
This output corresponds to that 
which will produce a usable vertical 
deflection of the internal oscilh*- 
scope. 

The curve at the upper left in Fig. 
1 1 shows representative minimum 
usable signal levels in the range 
from -iOO to 5,000 megacycles when 
a measurement is made by connect- 
ing the unknown directly to the in- 
put attenuator of the instrument. 
This attenuator is useful when the 
unknowrn is relatively targe in am- 



plitude because it en- 
ables the input level to 
be adjusted to the level 
w^hich will give most 
effective actirm in the 
mixer. This is particu- 
lar ly true for pulse 
metisurements. 

Since the attetiuacoi 
is a piston type, how- 
ever, it hasan insertion 
loss w^hich In ihis case 
i s a pp rt>x i ma te I y 2 d b 
at the lower frequen- 
cies. An increase in 
se n si E i v i ty can t her e- 

f ore be obtained bv not f»K* ' '* Kr/>rr.irwfw//iv mhtimtim ii^tiul irieh ftn uhkh 

^1 , ' m^aMirvmtnfi tan h^ madt'. C.Hries an* i^r^ragr vf six 

using the attenuator rt',p,,,i,^, ,„/„^ /,.irej/ pos^fhl^ harmonica «/ tramfer 

and by connecting the ^tHiUatftr. i utt ft sbou input rtqnireii tfi proJuCi' at flif- 

imkniiwn lir^- 'tlv r U'retnv Iri'iiNemy output termhial a response 6 dh a hove 

^ Hohe let^eL 
the internal mixer. An 

input terminal for the mixer is pro- 440A Detector Mounts for external 

vided on the [Kuiel. This iirriinge- harmonic generation and mixing, 

ment will give the sensitivity shown as discussed previously. 
by the middle curve in Fig, 11. In the range from 220-100 mc, the 

The right-hand curve shows typi- minimum usable signal is in the 

cal sensitivity using two Model order of 200 microvolts. From 100 to 
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WAVEMETER CALIBRATION 

Much interest has been shown by 
visitors in the use of the transfer oscil- 
lator-frequency counter system in the 
-hp- plant for colibrotang cavity wave- 
mefers up to 18 kmc. The accompany- 
ing oscilfograms show the presenta- 
tion the operotor sees when measuring 
a wavemeter setfing. fn the upper os- 
cillogram o "birdie" from the tronsfer 
oscillator has been adjusted to be near 
fhe notch caused by the reaction type 
wovemeter. In the lower osciltogrom 
the tronsfer oscillator has been ad- 
justed so that the birdve coincides with 
the center frequency of the wavemeter. 
Effects of temperature and mechanicol ( 
tolerances in the woverneter con eosily s 
be meosured with the orrangement. 

fn order to d»sploy the wavemeter v 
notch, the signal source is frequency \ 
modufoted- The amount of modulotion c 
deviation ond the bandwidth used for s 
the difference frequency amplifier de- c 
fermine the apparent width of the 1 
birdie. By reducing the amplifier band- 
width, the birdie can be mode narrower t 
than that shown. Normolly, sine wave t 
modulation is used for the source and f 
the some modulating waveform is used r 
for horizontal deflection of the oscillo- C 
scope. For clority of illusfrafion in the \ 


^bove oscillograms, however, a linear 
weep was used* ' 

The set-up used to measure the 
vavemeter frequency is that which uses 
wo detector mounts as described in the 
Kcomponying article. The mounts are 
lightly modified to enhance their op- 
jfotion above their 12,4 kmc roted 
imit. 

The arrangement used is on out- 
irowth of the arrangement described 
)y W. D. Myers in the orticfe "Simpli» 
led Microwove Frequency Meosure* 
nents Using the 10 Mc Frequency 
lounter/' Hew/eff-Pocfcard Journal 
^oL 3, No. 5-6, Jon.-Feb., 1952. 
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Fig. L2. Detailed block diagT^m of transfer oscillator circuitry. 



10 mc, if harmonics of the signal are 
used for the measurement^ the min- 
imum usable signal varies from 
about 1 millivolt at 100 mc to 1 volt 
at !0 mc. Below 10 mc it is 1 volt, 
the sensitivity of the -hp- 524B Fre- 
quency Counter. 

In the range from 100 to 10 mc 
the 'bp' 525 A Frequenc}^ Converter 
can be used for c-w measurements. 
In this case the minimum usable sig- 
nal will be 10 millivolts. 

CiaCUIT ARRANGEMENT 

Fig. 1 2 shows the arrangement of 
the major circuitry of the 540A 
Transfer Oscillator. At the front end 
is an isolated piston anenuator 
which can be used to attenuate high 
level signals to a level suitable for 
the crj'stal mixer. No direct connec- 
tion is made from the attenuator to 
the mixer, since in some applica- 
cions it is desirable to bypass the 
attenuator. The attenuator output 
can be connected to the mixer by 
means of a short coaxial patch cord. 

The mixer is provided with two 
inputs, A and B, w^hich are available 
at panel terminals. This arrange- 
ment permi£S the exteiiitil signal to 



be connected directly to the internal 
mixer so as to avoid the insertion 
loss of the input attenuator if de- 
sired. Mixer input B is provided for 
connecting the internal oscillator 
with a coaxial patch cord. 

Connections to the mixer and 
local oscillator are made externally, 
because with this arrangement ex- 
ternal tuners can be used to enhance 
measurements of frequencies above 
5 kmc as described previously. 

The difference frequency' pro- 
duced in the mixer is applied to a 
40 db amplifier. An input terminal 
for this amplifier is available on the 
panel for use w^hen an external mix- 
er is used. The amplifier is provided 
with a gain control and wth con- 
trols that adjust its low and high 
frequency response. The response 
controls are useful when measuring 
pulsed carriers and when excessive 
noise is combined with the fre- 
quency to be measured. 

The output of the amplifier is 
available for connectioti to an ex- 
ternal oscilloscope or, altemativelyj 
the internal oscilloscope can be 
uyn^. The inierual usciUow,upe has 



a response from 100 cps to 200 kc 
and a gain of 40 db which, together 
with the gain of the difference-fre- 
quency amplifier^ gives an overall 
difference-frequenc}' gain of 80 db. 
^Dexter Hartke 



SPECIFICATIONS 

-hp- 

MODEL 540A TRANSFER 

OSCILLATOR 

GBNiRAl 

FRfQUfNCY MEASUUBMBNT RANGE r TO mc 
to 5,000 mc w]fb mternol mixer, or to 
^2,40Q mc >viih externa] -hp- Model 44aA 
Oetecfcir Mount. 

TYPE iNPUT SIGNAL: C-w, A-M, or pwls«. 

iNPUT HGNAL LEVEL SO millivotts to 5,000 
megocycfes fsoo cgrv«£ In tejct). Max. 
equiv, c-w power V2 'w at 50 -h 

ACCiyRACV: Depeada on stobiiity of unknown 
signal arid pglje Jengih— ssa text, 

AUXiilARY BQUiPMENT: (1 ) -hp- Model 524B 
El^ctJ^oniE: Counter. 12) -hp- Modef 525B 
Frequency Convertef UniL (3) OseiElosyn- 
ch rosea p« (for poise mepsurements]^ (41 1 
or 2 -ftp- Model 4AQA Deiector Mountj. 

OSCilLATOR 

FUNDAMENTAL fflfQl/ENCV RANGE: 100 mc 
to 220 mc, 

HARMONtC FREQUENCY RANGE: To above 
12,400 mc. 

STASfllTYi Less than 0.002% chonge par 
mfnute aft^T 30-mrnut4 wormup, 

DfAl- Six jnch diomefer, calibrated in 1 mc 
increiTTen'fi. Accyrocy :irV2%, 

ViRNlER CONTROLS- Mechanlcoh 9^1 reduc- 
tion drtve, Erectricoj; Permits trimming 
osclllatof frequency by op proximately 
-hi 25 ppm rnoximum. 

OUTPUT: Approximoiely 2 volts mln. ocrosi 
50. i Over frequency ronge. 

ATTENUATOR 
RANGE: Con+inuoLTsEy odju&tcible from op- 

proxfmatflily 20 to flO or more db at T kmc. 
iNPUT IMPEDANCB: 50 ohms. VSWR: 1,5 

moK. at 1 kmcj 3 max. at 5 Itmc, 

AMPltFiER 
GAfN: AdiustobJer 40 db mox. 
BANOWiDTH: High-frequency 3 db point ad- 

iusrahle from b«low 1 kc to above 2 mc; 

(ow 'frequency 3 db pojnt ocfiusteblfl frerri 

below 10 kc to pbove 400 kc. 
MAX. UNOI^TORTED OUTPUT, 1 volt rms 

across. 1,000'.', 

OSaiiOSCOPE: (Self'Contained 2 tn, C-R 

tube J, 

VEffnCAi DEFl^CTiON SfNSITfV/TY: 5 mil- 
livoUs rms per inch. 

BANOWiOTH: 100 cp& to 200 kc. Hfgh fre^ 
quency cor^irol Qdjustj 3 db point from 
below 1 kz to obove 200 kc. 

HORIZONT Ai SWEEP: Internal power fre- 
quency sine wove s'weep with phase eon- 
trot^ OF extefnoify applied signol without 
phose control. 

HORilONTAL DiHECTiON SENSniVtTfz 1 
wolt inch, 20 cp& To 5 kc. 

MiSCiLLANEOUS 

CONNECTORS: Attenuator Input: Fernale 
type N; aJI others fernciEe type BNC. 

SHE: Cobinet Mount: 203,^' wide, 121/^" 
high, M^i'' deep. Rack Mount: 19" wid*j 
101^" high, 12W deep. 

WEtGHT: Cabfnet Mount: 35 lbs,; jhippinfl 
weigh r 15 lbs. Rack Mount: 25 fbs.; ship- 
ping weight 75 lbs. 

FOWBR: 115 230 v rms ^10%. 50 1000 cps, 
approx. 75 watts. 

AUXiUARY EQUiPMENTi -hp^ Model 440A 
Detector Mount, $65.00. -hp- Model 524B 
ECettronic Counter, cabinet mount, 
S21 30.00. hp- Model 524BR Eloctfonlc 
Counter, rock mount, 52125.00. -fip- Model 
525 B Frequency Converter JJolt, 100-220 
mc. S25O.0O. 

PRtCi: -hp- Model 540 A Tfonsfer OsciJlotar, 
cobEf^et mount, SifelS.OO. -hp- Model 540AR 
Tronsfer Oscillator, rock mount, $600.00. 

An prices f.o.b Palo Atto, California, 
Data luibject to chanqe Without notice. 
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